In order to isolate genes regulating sex differentiation of embryonic gonads, we have attempted to obtain genes specifically expressed in male embryonic gonads by means of subtractive hybridization screening, and we have cloned a novel mouse gene, Tdl. It potentially encodes a protein showing sequence homology to anti-microbial protein, b-defensins. Tdl reveals structural features such as the six cysteine residues with invariant spacing, which are found in b-defensins, but the overall amino acid similarity of Tdl to other members of the b-defensin family is low. In addition, the Tdl gene shows genomic organization similar to that of other b-defensin genes. We have found that Tdl is specifically expressed in Sertoli cell-lineage in seminiferous cords in embryonic testes, but not in embryonic ovaries after 12.5 dpc when the sexual differentiation of gonads is initiated. Tdl is specifically expressed in gonads among adult tissues, and its expression persisted in Sertoli cells.
Results and discussion
To obtain genes involved in the sex differentiation of germ cells and/or somatic cells in mouse embryonic gonads, we performed subtractive hybridization screening using cDNA of male and female genital ridges at 12.5 dpc. Among the candidates, we found a gene potentially encoding a novel protein with 83 amino acids, which shows a sequence similarity with anti-microbial proteins, b-defensins ( Fig. 1) (Ganz and Lehrer, 1994) . We named this gene Tdl(testis-specific b-defensin-like gene, GenBank accession number: AY098993). The deduced amino acid sequence of Tdl includes the six cysteine residues with invariant spacing (Fig. 1A , highlighted in black) that are characteristic of bdefensins (Ganz and Lehrer, 1994) . Tdl is most closely related to rat (Jia et al., 1999 , accession number: AAC28071) and mouse (Huttner et al., 1997, accession number: AAB72003) b-defensin 1 (RBD1 and MBD1) with 38.7 and 35.5% amino acid identity, respectively, within the conserved 29 amino acid regions indicated by a line over the sequences shown in Fig. 1A . In addition, Tdl has a longer C-terminal region than other b-defensins (Fig.  1A ).
Bin1b as well as EP2E, which also show structural similarities to the b-defensin family, were shown to be specifically expressed in epididymis (Li et al., 2001; Frohlich et al., 2000) . Although the expression of Bin1b and EP2E is found in the male reproductive system as is Tdl (see below), their sequences and expression patterns are quite different, indicating that Tdl is a novel gene.
Analysis of the genomic sequence showed that the two exons are separated by a 3.8 kb intron and that this exonintron structure is conserved with some of b-defensin genes ( Fig. 2) (Li et al., 2001 , Yamaguchi et al., 2001 , Bals et al., 1999 . The Tdl genomic sequence revealed no NF-kB site within 3 kb of the 5 0 flanking region ( Fig. 2A and data not shown) that is found in some of b-defensin genes, whose gene products were confirmed to have anti-microbial activity (Becker et al., 2000; Diamond et al., 2000) . By whole-mount in situ hybridization of embryonic and newborn gonads, we found that Tdl was strongly expressed in the seminiferous cords of male gonads after 12.5 dpc when sexual differentiation of the gonads was initiated through embryogenesis, while no expression was detected in developing female gonads (Fig. 3) . Tdl expression was also observed in epidydymis of 16.5 dpc and newborn testes ( other tissues, except in an ovary that showed a faint signal (Fig. 4) .
To identify the cells expressing the Tdl gene in testes, we performed section in situ hybridization, and found that Tdl was expressed in Sertoli cells within seminiferous cord at 13.5 dpc (Fig. 5B,G) . Comparison of the expression patterns of Tdl, Sertoli cell-specific Mullerian inhibitory factor (MIS) gene (Munsterberg and Lovell-Badge, 1991) , and germ cellspecific Oct-3/4 gene (Pesce et al., 1998) confirmed that Tdl was expressed only in Sertoli cells (Fig. 5A-C) . In newborn testes, Tdl expression was still specifically observed in Sertoli cells (Fig. 5E,H) , and expression of Tdl in Sertoli cells persisted in adult testis (Fig. 5F,I ). Tdl mRNA in Sertoli cells is distributed not only around the peripherally located nucleus but also in cytoplasm extending into seminiferous cords (Fig. 5F,I ). The levels of Tdl expression depend on the stages of the seminiferous cords; stages IX-XII show the highest expression (data not shown).
The structural features of Tdl suggest that it is involved in the innate defense mechanism of the reproductive tract, but its specific expression in Sertoli cells from their initial differentiation in embryos throughout life suggests alternative functions of Tdl in developing as well as in adult testes.
Experimental procedures
2.1. Subtraction cDNA screening and sequence analysis cDNAs were synthesized from male and female mouse genital ridges at 12.5 dpc, which were then subsequently subtracted to remove common sequences by means of the suppressive polymerase chain reaction (PCR) method (Diatchenko et al., 1996) using the PCR select kit (Clontech, Palo Alto, USA) to obtain a male-specific library according Fig. 2 . Exon-intron structure of the Tdl gene. (A) Genomic sequence referred to a database sequence (accession number: AC024362). Exon sequences are shown in capital letters and are numbered sequentially, which are used to refer to our cDNA clone (C47, 130 , ), our result of RACE analysis (113 , , accession number: AY098993), and a database sequence (11 , , accession number: BB615813). A predicted poly(A) signal is underlined. Size of Tdl mRNA estimated from Northern blot (Fig. 4) is approximately 420 b which corresponds to the exon length shown in this figure. The exon-intron splice site sequences conform to the consensus rule. (B) The schematic drawing of the genomic organization and restriction map of the Tdl gene. The shaded boxes indicate the coding region. Fig. 3 . Expression of Tdl gene in embryonic and newborn mouse gonads was examined by whole-mount in situ hybridization. Tdl expression was not detected in either male (A) or female (B) genital ridges at 11.5 dpc. In contrast, specific signals were observed within seminiferous cords in male gonads at 12.5 (C, E), 13.5 (G), 14.5 (I), and 16.5 (K) dpc and in newborn testes (M, O). In 16.5 dpc and newborn testes, Tdl expression was also found in epidydymis (K, O) . No specific signal was found in female gonads at 12.5 dpc (D, F), 13.5 dpc (H), 14.5 dpc (J), and 16.5 dpc (L) and in newborn ovaries (N, P). Tissues were hybridized with the Tdl antisense probe (A-D, G-O) and with control sense probe (E, F, P). GR, genital ridge; MN, mesonephros; T, testis; O, ovary; ED, epidydymis; arrows, seminiferous cords. Bar in A indicates 500 mm for A, B, 400 mm for C-N, P, and 250 mm for O.
to the manufacturer's instructions. The library was then hybridized with male and female cDNA to choose clones preferentially expressed in male genital ridges following standard methods (Sambrook and Russel, 2001) . From the screening, we obtained a Tdl cDNA (C47) that was 302 bp in length. We further preformed 5 0 -and 3 0 -rapid amplification of cDNA end (RACE) to identify the full length cDNA sequence using the Marathon cDNA synthesis kit (Clontech, Palo Alto, USA) according to the manufacturer's instructions.
In situ hybridization
Mouse embryonic gonads were isolated from embryos obtained from the matings of ICR £ B6D2F1 mice. Tissues were fixed in 4% paraformaldehyde. Whole-mount in situ hybridization was performed by an automated machine, InsituPro (INTAVIS Bioanalytical Instruments AG, Bergisch Gladbach, Germany) with anti-sense or sense probes synthesized from the 302 bp Tdl cDNA according to the manufacturer's instruction. Section in situ hybridization was preformed as described (Osumi-Yamashita et al., 1997) using the same probe. After hybridization, sections were counter-stained with methyl green and were mounted using Permount. Fig. 4 . Northern blot hybridization was carried out using 10 mg of each total RNA sample from tissues of 6-month-old C57Bl/6 mice and the Tdl cDNA as a probe to examine the expression in adult mouse tissues(top). 28S and 18S rRNA were visualized by staining the gel with EtBr to show the quantity and integrity of RNA (bottom). Fig. 5 . Expression of Tdl genes in Sertoli cells in mouse testes shown by section in situ hybridization. The expression of both MIS (A) and Tdl (B, G) was observed only in differentiating Sertoli cells, while Oct3/4 (C) expression was found in primordial germ cells (PGCs) in male genital ridges at 13.5 dpc. Expression of MIS (D) and Tdl (E, H) was still specifically found in Sertoli cells in newborn testis. In adult testis, Tdl expression was detected in the cytoplasm of Sertoli cells, which was extended into seminiferous cords (F, I). G, H and I show higher magnification pictures corresponding to B, E and F, respectively. Arrows in G, H, and I show germ cells. SC, Sertoli cells; E13, 13.5 dpc; NB, newborn. Bar in I indicates 100 mm for A-F and 40 mm for G-I.
